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Fact: The model subsumes dense-timed PDA with uninitialized clocks. 
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Systems of equations over sets of integers 


TI ü where right-hand sides use: 
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The core problem 


Systems of equations over sets of integers 


where right-hand sides use: 
T2 = t ° constants {-1}, {0}, {1} 

* set union U 
In = tn * point-wise addition + 


* limited intersection N 


for instance: 


6 = (0) U za (1) U zə +f—1) 


39 = zı (1) u zı (-1] 
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The core problem 


Systems of equations over sets of integers 


m = t where right-hand sides use: 
T2 = t * constants {-1}, {0}, {1} 

* set union U 
In = ln * point-wise addition + 


* limited intersection N 


for instance: 
zı = {0} U zo (1) U zo £—1) 
39 = zı (1) u zı (-1] 

What is the least solution with respect to inclusion? 
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How to solve the problem in absence of intersections? 


T1 
T2 


Decidable in P 
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Li + {1} U zi + 1-1) 


The core problem - intersections 


Given a systems of equations 


m = t 
T2 = to 
In = ta 


* constants {-1}, {0}, {1} 
* set union U 
* point-wise addition + 
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Given a systems of equations ° constants {-1}, {0}, {1} 
* set union U 
u = ùt NM T 
* point-wise addition + 


disc „=. „Eh ee : 
2 2 * limited intersection N 


In = th 


decide, whether its least solution assigns a non-empty set to 21? 


The problem is undecidable for unlimited intersections. 


[Jez, Okhotin 2010] 
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The core problem - limited intersection 


Given a systems of equations * constants [-1], {0}, {1} 
* set union U 
T1 = ty . x bid 
* point-wise addition + 
go = Pe A 
2 t2 * limited intersection N 
In = tn 


decide, whether its least solution assigns a non-empty set to £1? 


What about limited intersections: _ N I, for I a finite interval? 


E = {0} U zo + fl) U z2+{-1} 


m = (m+) Um+{-1}) N (1) 
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The core problem - limited intersection 


Given a systems of equations * constants [-1], {0}, {1} 


i * set union U 
T1 = 1 . x bid 
* point-wise addition + 


fo „=. „Sh er : 
2 2 * limited intersection N 
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decide, whether its least solution assigns a non-empty set to 21? 


What about limited intersections: _N I, for I a finite interval? 


| = {0} U z2+{1} U 12 +f-1) 


z = T+ {1} U q + 1-1) membership problem 
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What about limited intersections: _ N I, for I a finite interval? 


U = {0} U zo +41) U za + (-1] 
T2 = {1} 


The core problem - limited intersection 


Given a systems of equations 


m = t 
T2 = t 
In = tn 


* constants {-1}, {0}, {1} 
* set union U 
* point-wise addition + 


* limited intersection N 


decide, whether its least solution assigns a non-empty set to 21? 


What about limited intersections: _N I, for I a finite interval? 


The core problem - limited intersection 


Given a systems of equations 


m = t 
T2 = t 
In = tn 


* constants {-1}, {0}, {1} 
* set union U 
* point-wise addition + 


* limited intersection N 


decide, whether its least solution assigns a non-empty set to 21? 


What about limited intersections: _N I, for I a finite interval? 


* NP-complete 


The core problem - limited intersection 


Given a systems of equations * constants {-1}, {0}, {1} 
* set union U 


T1 = ty . x bid 
* point-wise addition + 
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What about limited intersections: _N I, for I a finite interval? 


e NP-complete 


* non-emptiness of constrained FO-definable PDA reduces to 
the core problem (with exponential blow-up) 
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* decidability status open! 


* non-emptiness of FO-definable PDA reduces to the core problem 


(with exponential blow-up) 
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